OBJECTIVE: Prolongation of the QTc interval is a risk factor for ventricular arrhythmias and sudden death. There is a correlation between body mass index (BMI) and QTc, with longer intervals observed in obese subjects. Dieting and weight loss on selected diets are also associated with prolongation of the QTc interval, although the mechanisms and risk factors of this syndrome are not clearly established. The aim of the current investigation was to determine if short-term weight loss over seven days while living on a metabolic ward in¯uences cardiac repolarization as indicated by QT interval duration. DESIGN AND SUBJECTS: The elctrocardiogram QT, RR, and QTc (QT/RR 0.5 ) intervals were assessed in 30 healthy obese (BMI b 27 kg/m 2 ) men and women ingesting a balanced 1120 kcal/d formula diet (23% kcal as fat and 52 g protein/d). RESULTS: Weight loss (3.9 AE 1.7 kg) over seven days had no measurable effect on the RR interval and there was a signi®cant (P 0.02) shortening of the QT interval (mean AE s.d., 0.395 AE 0.028±0.386 AE 0.027 s) and borderline signi®-cant (P 0.11) shortening of the QTc (0.411 AE 0.028±0.404 AE 0.025 s) interval. The QTc interval normalized in three subjects with prolonged baseline QTc ( b 0.44 s). A statistically signi®cant (P 0.007) reduction in systolic blood pressure early in the course of weight loss (day 2) accompanied the electrocardiographic changes. CONCLUSION: These results fail to support the development of cardiac repolarization abnormalities in obese patients who ingest a nutritionally balanced low calorie diet over seven days. A signi®cant reduction in QT interval duration and amelioration of abnormally prolonged baseline QTc intervals suggest improved cardiac repolarization with early weight loss.
Introduction
A concern shared by many of those who treat obese patients is a prolongation of the QTc interval, particularly during weight loss 1 . Garnett and colleagues ®rst reported prolongation of the QTc interval and fatal ventricular arrhythmia's in a young woman during the early phase of refeeding following a 30 week total fast.
2 Since Garnett's study, many other investigators have reported single 3±7 or multiple 8±11 similar cases of prolonged QTc intervals associated with cardiac arrhythmias in subjects with diet or surgically-induced weight loss.
In an earlier study we reported a lengthening of the QTc interval (de®ned as the QT interval/RR interval 0.5 ) in obese subjects. 12 A low (r 0.30, n 127) but statistically signi®cant (P`0.01) correlation was observed between the QTc and RR intervals and body mass index (BMI, kg/m 2 ). No correlation was observed between the QT interval and BMI. In this study 13 .5% of obese subjects across two groups had abnormally prolonged QTc intervals ( b 0.44 s) at baseline. Under usual conditions patients with prolonged QTc intervals would initially be excluded from weight loss treatment because of arrhythmia concerns. However, little is currently known about QTc interval changes with weight loss, particularly in the early phase of treatment. This information is important, as the QTc in some subjects with initially prolonged intervals in the absence of underlying heart disease may revert to normal with weight loss.
The aim of the present study was to evaluate QTc interval changes during the early phase of weight loss. Our investigation focused on the ®rst week of weight reduction in obese subjects living on a metabolic ward who all received the same balanced 1120 kcal/d formula diet.
Methods

Experimental design
Thirty healthy overweight men and women were housed and closely monitored for eight full days (one day washout and seven active days). All subjects were presented the same food for 24 h prior to the start of the study.
During the active weight loss phase all subjects were required to eat the same low calorie diet of nutritionally balanced prepared foods. Subjects ate a fruit-®lled bar for breakfast, a formula meal for lunch, and soup for dinner. Subjects were additionally allowed to eat three snack bars per day.
The diet provided 1120 kcal (23% from fat) and 50 g protein per day. Vitamin and mineral intake was at or above the Recommended Daily Allowance from the provided foods with the addition of a multivitamin/mineral supplement.
Subjects
The subjects were non-smoking men and women who were in good health. All subjects abstained from taking any medications or products for weight loss (other than the products supplied to them) including appetite suppressing drugs. All subjects were asked to refrain from using sympathomimetic drugs, such as those contained in cough/cold preparations. Subjects did not take any vitamin/mineral supplements other than those included in the study protocol.
Weight was recorded with minimal clothing using a digital scale. Whenever possible the weight measurements were taken at approximately the same time each day. Height and weight were measured to the nearest millimeter and 0.1 kg, respectively. Blood pressure and pulse were measured at each time of assessment after a several minute rest period at approximately the same time each day. Oral temperature was measured daily.
The study was approved by a certi®ed Institutional Review Board and all subjects signed an informed consent prior to evaluation.
Electrocardiogram interpretation
Electrocardiograms were recorded at approximately the same time each morning in fasting subjects on day 0 (screening) and day seven by a quali®ed technician and analyzed by one of the study investigators. The QT interval was measured from the earliest onset of the QRS complex to the end of the T wave. 13, 14 The latter was identi®ed where the downward slope of the T wave joins baseline. The QT and preceding RR intervals were measured in lead II for three consecutive beats and then averaged.
Statistical methods
All results were statistically analyzed using the program SAS (SAS, Carey, NC). Group results are expressed as means AE standard deviation. Simple linear regression analysis was used to examine relationships between electrocardiogram intervals and other variables before and after weight loss. Paired t-tests were used to compare electrocardiogram measurements before and after weight loss with a set at P`0.05 as statistically signi®cant.
Results
Subjects
The baseline characteristics of the 30 subjects are presented in Table 1 . Subjects were 15 men and 15 women who on average were young (age 34.4 AE 7.3 y) and moderately obese (BMI 29.5 AE 1.8 kg/m 2 ).
Weight loss
All of the subjects lost weight during the one week treatment period (Table 2) , with a mean overall loss of 3.9 AE 1.7 kg or 4.5 AE 1.7% of initial body weight. Subjects ranged in weight loss from 2±8 kg.
Systolic blood pressure decreased signi®cantly (P 0.007) from baseline (116.2 AE 9.5 mm Hg) by day two of weight loss treatment (105.3 AE 9.0 mm Hg) and then remained relatively stable until discharge (Table 3 ). The ®nal day of weight loss treatment was associated with a signi®cant (P`0.0001) lowering of systolic blood pressure from baseline levels. Similar trends were observed for diastolic blood pressure. There were no statistically signi®cant reductions in body temperature over the treatment period.
Electrocardiography
QT interval. The mean QT interval decreased signi®-cantly (P`0.02) with weight reduction treatment over the seven day protocol (Table 2 ). There was a signi®cant correlation (r 0.71, P`0.0001, QT day seven (sec) QT (baseline) 6 0.717 0.106) between baseline and day seven QT interval duration (Figure QTc with weight reduction A Pietrobelli et al 1). There were no signi®cant correlations observed between change in QT interval duration and change in body weight or blood pressure (systolic and diastolic).
RR interval. The mean RR interval did not change signi®cantly over the study interval and average resting heart rate remained stable (baseline 64 bpm and day seven 69 bpm). There was a signi®cant correlation (r 0.39, P 0.03) between baseline and day seven RR intervals. Changes in systolic blood pressure were statistically signi®cant by day 2 (P 0.007). Figure 1 Day seven of weight loss QT interval on the abscissa and baseline QT interval on the ordinate. Only 22 data points appear as some subjects had equivalent baseline and day seven intervals. The line of identity is shown in the ®gure. QTc with weight reduction A Pietrobelli et al
The group mean QTc interval decreased over the seven days of weight loss, although the change was of borderline statistical signi®cance (P 0.11) ( Figure  2 ). There was a signi®cant correlation (r 0.46, P 0.01) between baseline and day seven QTc intervals.
There were no signi®cant changes over the study period in serum levels of potassium and calcium, cations known to in¯uence cardiac repolarization.
Discussion
The present study is the ®rst to explore electrocardiographic changes, notably cardiac repolarization effects, during the early phase of weight loss treatment. Our investigation was carried out with close attention paid to protocol details as offered by an inpatient metabolic unit. This in-part may account for the small but statistically signi®cant changes observed in cardiac repolarization. That might not otherwise be observed during weight loss.
Notably, within seven days of weight loss treatment we observed a signi®cant reduction in QT interval duration and a borderline signi®cant shortening of the QTc interval. Hence, not only was average QTc lengthening absent with weight loss, but rather there was a reduction in QTc duration.
Potential mechanism
Although the mechanism of this weight loss effect on the electrocardiogram is unknown, we also observed a reduction in blood pressure over the treatment period. The possibility exists that hemodynamic changes or closely associated autonomically mediated effects may have been the underling mechanism of cardiac repolarization effects. 15, 16 Resting parasympathetic tone appears to directly in¯uence the QT interval in humans, with withdrawal of vagal tone shortening the QT interval. 16 Adrenergic-dependent forms of QT prolongation are accompanied by an imbalance in cardiac sympathetic tone.
14 Lastly, autonomic disturbances are reported in the obese state 17, 18 and with weight loss under controlled experimental conditions. 19 Thus, although mechanisms of cardiac repolarization change were not explored in the present study, autonomic mechanisms may in-part explain the observed QT and QTc interval reductions.
Clinical implications
An important ®nding of the present study is that three subjects with prolonged QTc intervals at baseline had a reduction in interval duration to levels`0.44 s with weight loss. At the end of treatment two subjects with initially normal QTc intervals had lengthening to levels beyond the normal range even though the group mean QTc duration was reduced. With respect to the ®rst three subjects whose QTc's normalized with weight loss, this is consistent with the observation that overall QT and QTc duration's shortened over the seven day weight loss period. However, somè tracking' was present such that subjects with generally long intervals also had long intervals on followup (Figure 1) , and the result was that two subjects with marginally long QTc intervals at baseline had small increases in these intervals with weight loss which exceeded the normal upper limit of 0.44 s. These observation suggest clinically that subjects with initially prolonged QTc intervals may experience a shortening of the interval in the early phase of weight loss treatment but that in general longer intervals will remain relatively prolonged and may on occasion exceed the normal range. Our observation suggests that a markedly prolonged QTc interval at baseline, or one that is prolonged and that progressively lengthens with weight loss treatment, should be viewed as abnormal. Unfortunately, at present there are few studies that document the changes expected in QTc intervals during weight loss. 20 
Technical considerations
An important and growing concern relevant to the present study is intrasubject variation in QTc intervals. Morganroth et al 21 found that the average range of QTc over a 24 h period in normal subjects varied from 35±108 ms and that 55% of these subjects had one QTc interval over 440 ms. Molnar et al 22 reported that the mean intrasubject range of QTc was 102 AE 22 ms in females and 88 AE 14 ms in males, being longest immediately after awakening and shortening markedly in the ®rst three hours after awakening. Finally, a recent study from our laboratory indicated meal-related lengthening of QTC intervals in healthy subjects. 23 A rise in QTc was observed in these subjects within 15 min of meal ingestion and intervals gradually returned to baseline over the next hour. In this present study we controlled for these intra-day within-subject changes in QTc by examining fasting subjects at approximately the same time each morning on the two study days. Nevertheless, the recent ®ndings of systematic temporal variation in QTc intervals highlights the need to carefully control extrinsic variables.
Conclusion
In summary, the results of the current study suggest that under carefully controlled conditions and with the use of a nutritionally balanced weight loss diet, there is a signi®cant shortening of the QT interval and a marginally signi®cant reduction in QTc interval duration. We could ®nd no evidence of a signi®cant lengthening effect of diet treatment on cardiac repolarization, suggesting that subjects who exhibit markedly prolonged QT intervals and/or those whose prolonged QT intervals fail to normalize in the early phase of weight loss treatment should be considered for further evaluation.
